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(57) Abstract 

Compounds of foimula 
(1) or (2) wherein W, X, Y 
and Z are each independently 
hydrogen or a protecting 
groiip; B\ B^ and B^ are each 
independmtly a base selected 
ftom the group consisting 
of adenine, guanine, cytosine. 
thymine and uracil; and || 
is the residue of a ribose or 
depxyribose. and methods 
for their synthesis and use are 
disclosed. 
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CODON JOIZDZTBS AND HBTBOD OF USZKG TBBK TO 
PRODUCB OLZGOmJCZiBOTIDSS ABD MDTAaBHESIS LZBRA&ZBS 

Technical Field 

The invention relates to the synthesis of various 
5 types of oligonucleotides that are useful in analysis, therapy 
and other applications. More specifically, the invention 
concerns a technique for using preassexnbled 3' -phosphoramidite 
trinucleotides as building blocks to make oligonucleotides 
- - encoding a desired sequence of amino acids, optionally 
10 containing positions with random amino acids. Randomized DNA 
fragments, in particular, are useful in producing combinatorial 
libraries of peptides or proteins with a variety of binding 
properties, from which molecules of special interest can be 
selected. 

15 In one popular format, a DNA fragment is synthesized 

corresponding to the sequence of a bacteriophage coat protein 
with an appended "scraznbled region" where all possible codons 
will be presented. This fragment family is then inserted into 
phage DNA such that, in an appropriate host cell population, a 

20 library of different e3q>ressed peptide regions is created. 

Selection of phage with desirable characteristics can then be 
accomplished by a variety of criteria, and the sequence 
responsible can be determined by sequencing the appropriate 
portion of the phage DNA^ 

25 Background Aart 

/ Us€^^^ molecular biology techniques to encode 
ramdoEiiized sets of short peptides, of interest for their own 
sake or as a means to modify specific sites within protein 
domains, are useful to select molecules with desirable binding 

30 specificities. Trinucleotides carrying certain protecting 
groups have long been used as intexmediaues to synthesize 
oligonucleotides corresponding to specific peptides of interest. 
For exEunple, see Wakabayashi et al., "Rapid Synthesis of 
, Oligodeoxynucleotid s by using N-Methylimidazol as a 

35 Condenisation Catalyst. Syntheses of Dodecanucleotides ■ 

Corr spending to Coznplementary Deoxyribonucleic Acid of the 
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Tetrapeptlde Fragments of Chblecystokinln-^ancrebs^y^ aind 
Vasoactive Intestinal Peptide", Chom , Pham . BulT j ; 30-^ 3951-58 

' y (19a^)". " ^' - • ' ; , . " ' -'^ 

Certain dodecanucleotides have been synthesized on a 
5 solid polymer support with phosphate triesterxnethods by 
elongation in the 3 ' -direction. The elongation can occur; by 
'condensing the 3 ' -phospKodiester with 5^ -deblocked dinucleot ides 
or trinucleotides having the 3' - (d-chlorophenyl)phosphoro-p- 
anisidite moiety by using 1 - (mesi tylene sulf onyl ) - 3 -nitrd- IH- 

10 i;2,4-tetrazole as the activating reagent . Ohtslika etaJ. , 
"Deoxyribonucleic Acidd and Related Conpounds. VIII. Solid- 
Phase Synthesis of Deoxyribooligonuclebtides with 
3 ' -Modification by Elongation' in the 3' -Direction", Chem, Pharm. 

Bull:, 12, ^5-93 (i984) • ■ — ' v ; . , 

15 ' When adapted to "solid phase synthesis/ thie phosphate^ 

tries ter method produces acc^eptable results for short fragments 
(10-20 bases In length^, biit not for the longer fragments needed 
to incorporate a scrambred sequence into a form suitable for 
insertion into ai vector. Tfiester methods have largely been 

20 replaced by the phosphdramidit^ technique, which provides better 
performance in ttie synthesis' of long fragments. For example, 
methods to increase the yield of Idng seiquences prepared by 
solid phase synthesis have been reported using 
3' -phosphoramidite' functional ized^ protected nucleotide dimers. 

25 Kiitnar et al . , " IiRprovements in Oligodeoxyribonucleotide 

Synthesis: Methyl N/N-Dialfcylphosphoramidlte Dimer Unita :f or 
Solid Support Phosphite Methodolocfy^ . J:. Org, rChmi, . 49 :25 , 
4905-4911 (1984) . ^^^^ > r .V ; ! 

Due to degeneracy-in the DNA code, however, total 

30 scrambling of all four nucleotides (adenine, guanine, cytosine: 
and thymine) at each site in a DNA sequence leads to more^DNA 
species than peptide speciesv with the excess growing 
geometrically as a' function of the length of the scrambled 
sequence. For a hexapeptide, the 64 million possible 

35 combinations of 20 amino acids expands to about 68 billion : 
possible combinations of encoding oligonucleotides* Further, 
the inadvertent inclusion of stop codons sometimes results in 
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the f otinatiqn jOf tn^ s qu nces, which furth r 

' ,c cQznpliqate;8 the ai^lysfis. : > . 

Two major approaches have been described to, .overcome 
r this redundancy problem. In a first approach, a semi -scrambled 
5 set of nucleotides is iised to take advaJQtugtge of ^ t^^ ^^if<=^- 
\ position redundancy in many codon assignments, for epc^znple, N-N- 
; ; ' (6/C) , which symbolizes a trinucleotide having in the fi^t and 
r second positions ji randc^ mix of all fqur nucleosides and, in 
the, third position, a mix; of only guanine and cytosine. This 
W.^^reduces the: number of triplets from 64 to, 32, while stilly 
eiicoding all 20 £^ acids, and has. only one stop .cpdoa* 

However^ each of . the four. nucleotides has a different 
■'[^...^l^:^^- of incorporation onto the tip of the growing 

oligonucleotide chain, so that the yield of the resulting 
15 triplets can vary a^ much r as^? f lye ^ fold. . Accordingly, to obtc^in 
^ 3.a library vcontalnlng all hexapept ides, the number of clones that 
, must :be> examined is more thaui 15, OOQ times larger than the 
htunber indicated by slinple, combinatorial arithmetic . ^ . , 
In the second approach, individual codons are 
20 sequentially added to an oligonucleotide on a solid ^upport, 
< usually xes in beads ^. which haye been divided into separate 
containers . The ;Contents of the contaitiers are combined before 
proceeding to the next codon, for which the^. resin beads holding 
the growing chains are again rseparated into individual 
25 containers ^ This resin splitting approach does , in principle , 
::produce a more nearly ideal final library r^^b^ requires a great 
deal of synthetic effort . Husey U.S» Patent No. 5,274^563 
Issued 23 November 1993; and Glaser et al.,. "Antibody 
Engineering by, Codon-based. Mutagenesis in a Filamentous Phage 
30 Vector System*. J, of Immun. . 149sl2. 3903^13 (1992).. 

"Specif Icaily, handling problems, such as static, electricity, 
make quantitative physical transfer of. the beads difficult, and 
chemical inhomogenelty in the micrpscc^ ically settled beais can 
lead to poor coupling on some of the beads during solid phase 
35 synthesis^. / : ... , . . . 

^ Purth r, to obtain reasonably uniform repr sentation 

^ of , each peptide in a hexapeptide library with this approach, 
more than 64 million beads must b used to assur that the 
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ramdom pathway taken by each bead through th different 
contalneirs does not leaVe out Boine sequence by mathematical 
chance. A l pM synthesis on controlled pore glass (CPG) beads 
is typical for synthesis of DNA used in' most molecular biology 
5 purposes. At this synthesiis scale/ however, only about 25,000 
beads are present, which is too few to represent the entire 
library. Moreover, even if scale-up is attempted, it is a 
difficult proceduDS due to increasingly prohibitive handling 
problems and the attendant cost's. 
-10 The Huse patent also isipeculates in passing that 

oligonucleotiides could be'^synthesized from nucleotide 'triplets, 
but gulclcly discourages the use of this approach, stating that 
"the cost of synthesis from siich triplets far exceeds that of 
synthesis from individual monomers becauise triplets are not 

15 commercidily available." (See, Huse, column 2, lines 18-29) 

Unexpectedly, the materials cuid miettiods of the invention provide 
a less labor-intensive procedure thah that*^ used in the art and, 
at t:he same time, providies Increabed confidence that all the 
desired sequences will be available, even on a modest synthetic 

20 scale." ■ -'.V 

PisgloBttreof the Invent ion 

The invention relates to cbiq>ounds of the formula : 
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J ; whjsr.ein W, Y: and Z are each independently hydrogen r a 

protecting group; , . . 

;w_.^X' iE! . -CHjCaijCN; / \ ' 

B^, and B^ are each independently a base selected 
5 : from the group consisting of protected adenine, 

protected guanine, protected cytosine, protected 
r i ^ unprotected thymine and protected or 

unprotected uracil; and 
, Jl is the residue of a ribpse or deoxyribose. 
7:ip' Further, a method hast bejen founds for making these coirpounds and, 
. A ,i further, coit5)ounds wherein X majr be hydrogen or any suitable 
: protecting group, conprising the steps of: 

> a. ; treating a nucleoside cqnprising a base, a ribose 
. or . deo^qrribose residue M 
15 u ; _ . group at Jthe 5 V position or t^ 3 ' position, with 

u : a trlalkyisilyl luilide to prp^ the 

:i ^corresponding 3 ' - .Md 5' -siibstituted nucleoside; 

« i b. removing the .first protecting group at the 5' or 
3' position to produce a 5' or 3' deprotected,, 3' 
20 or 5' -substituted nucleoside; 

c. coupling the 5' or 3' deprotected 3' or 5' 

substituted nucleoside with a first nucleoside 3' 
or 5' phosphoramidite and then oxidizing to form 
a phosphate tries ter; 
25 d* deprotecting at the 5'- and 3' -termini to give 

the corresponding 3' ,5' -dihydroxy dinucleoside; 
^ e, coupling the dlhydroxy dinucleoside with a second 
nucleoside 3/ or 5/ phosphoramidite and oxidizing 
{ to produce the two corresponding 3 ' or 5 ' hydroxy 
30 trinucleotides; 

f. separating away xmwanted products; and 

g. converting the 3'- or 5' -hydroxy trinucleotide to 
a 3'- or 5' phosphoramidite. 

In another exnbodlment, a panel is made up of from two to twenty 
35 of these 3'- or 5' -phosphoramidite trinucleotide codons or their 
complements, wh re each codon encodes a different amino acid. 

Three processes for synthesizing an oligonucl otid 
are disclosed. To synthesis an oligonucleotide encoding a 
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sequence Of "ri' p^ amino acids r or its conplement , 

the process of the invention conprises the- steps of: 
' . i : . - (a) coupling a trinucleotide codon,:. or its 

complement, onto a sol ij3 support; . ; ; 
' 5 • ^ s ^ (b) sequentially coiidenslng, tlMTOugh; a - 
' ^ phosphoramldite^linkage> with an ^i^ 

^ preceding codon "n-l'?^ trinucleotide codons or 

- - their conqplements, eaich codon^or its conqplement 

• corresponding to the next pre* dejtermined ainlno 
10 ^ ^ ^ acid in ±he sequence; Ajgmd ^ 

^ (c) cleaving :the oligonucleotide from the solid 
- support. ■• -.:rv^ ' ^ - , . 

The automated-solid phase supported chemistry used in the? 
Invention^ cam Include^a^ large mumber of xnaterials genetia^y 
15 known to those of ordinary^^ skill in the; art. Exaoqples of such 
uiaefui materials includes nucleosideTfunctionalized CPG, i.e«, 
f uncfeionalized^ %ith deoxyribose cytoslne (dC) or auapther 
nucleoside, e.g., dG, dU or rC; tetrazole activator solution; 
acetyiatlng capping solutions ; iodine oxidation solutions ; 
20 dichloroacetic acid deprotecting solvent; and autorjated DNA 
synthesizers, ^ w.^ , f{/- ■ * 

To synthesize an oMgonucleptide encoding a peptide 
having at least one pre-deteCT^ined amino acid position and at 
least one random amino acid, position, , a second synthetic process 
25 of the invention coraprises^ the steps of : 

(a) coupling a first trinucleotide codon, or the 
- ^ V C0ni)lement tO: ^aid codon, . onto a nucleoside- or 

nucleotide-bearing solid support; 
^ ' (b) for each pre-deteriidned ainino acid position, 

30 sequentially , coupling through a phosphoramidite 

to an immediately preceding cpdon, cr complement, 
a trinucleotide codpn, or. its complement, 
corresponding to the pre-determined , amino acid; 
(c) for each reuidom amino acid ppsicion, . coupling to 
35 an Immediately preceding codon or complement, a 

mixture of from two to twenty trinucleotide 
codons, at least two of the trinucleotides 
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• M . , r representing a rcodpn to a diff rent amii^o acid; 

^ (d) cleaving said nucleotide from the solid support. 
Steps (b) and (c) of this process are conibined in such a way 
5 that each pre-determined codon sequentially corresponds to each 
' pre-bet:ennined amino acid position in. thev oligonucleotide. 

/ : 7 \. Further, the identity and ratio : of codons used in each 
"sucii Mxture can b made to represent the desired degree of 
'' diversity i^^ random amino acid position. 

JU3 jnhus, if reduced coupling ^ efficiency occurs with particular ■ 

coddhs making up the desired oligonucleotide, this defect can be 
readily overcame by minor adjustments In the relative 
concentrationiB of individiial ;Codons . For. exanpley dC- - 
fiinctionalized CP6 or rC supports may be prone to give unequal 
15 'incorporation of bases when mixtures are usedi perhaps du^ to 
steric hindrance « With' the invention, this inequality can be 
conpexiss^ted for by varying the /relative coiicentrat;ions of the 
'■various" codons. : '.^i: , \ 

- To synthesize an oligonucleoti^ havingiat least one 

20 region 6f random ainino acid positions, the: third synthetic 
process of the invention conqprises the steps of: ; 

(a) coupling at least one pre-existing trinucleotide 
cbdoh or cdtnplemeht onto a nucleoside- or 
" ' nucleotidie -bearing solid support; 

25 (b) for each random amino acid position^ sequent iailly 

coupling through a^ phosphoramidite to the 
immediately preceding codon, or complement, a 
mixture of from two to twenty pre-existing 
trinucl€^dtide codons, each codon corresponding to 
30 ' a different amino acid; and 

(c) cleaving the oligonucleotide from the solid 
" ■ ' '^'^ ' 'supports ^ ' 
In this process/ the identity and ratir of codons used in each 
sucti mixture are representative of the degree of diversity 
35 desired in the corresponding random amino acid position. 
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Brief Dteacrlptlon of the DrawlnoB , 

' The present invention will be OKsre clearly understood 
by referring to the .following drawings,, in which 

Figure lA shows a - SAX HPLC trace of 16-iner 
5 oligonucleotide dATACITARCil'IGAGCC inade with the codon amldites 
'Of'" the-' -invent icfn; . , 

' Figure, IB shows a SAX HPLC trace of the s|uiie, If-mer 
' f oligonucleotide. dATACTTARCATGlAGCp made with amidite sionoTi^rs; 

and ■ .•. . ;:■ r... ■ ; . ,. • ... ..... _ ... 

10 ^> Figure. IC shows a SAX HPLC trace of the result when < 

both the fragment of Figure. lA and, the fragment of Figure IB are 

co-injected.' • ; o ■ . v 

Figure 2 shows the results of axialysls by . reverse, 
phaise HPLC of coupling a -codon anid^te mixture to ^dC support. 

15 Modee' Qg Carrying C?ut the iBYentign- 

The coopounds .of the invention have the, formula: 
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as shown and described aUsove . ^ .'. . x - . . ., 

W, X, Y and Z in the -above formula are each 
independently hydrogen or a protecting gtoup. Preferably, the 
protecting group is selected such that' the reaction between the 
40 jprot ctlng group moiety and the atom or atoms at the position 
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being protected is a high-yield step. Pluxrther,^ all of t 
'' £>rbtecting groups ^^U^ should be stabl ito the usual reacti n 
conditions, such as are used in condensation reactions, ;^to 
further manipulate the protected conpound. / : 
5 While a protecting group at the 3' -position may 

desirably be capable of selective cleavage without detrimental 
ef f<sct on a protectinig' grbup in the 5' -position, it should be 
noced that this is not always a necess4ry feature of the^ process 
of the invention. Specifically, in the process of the 
10 '^ihvention, both the 3'- and the 5' -positions of the dimer 
' intermediates are deprotiected, usually simultaneously*- r 
Subsequent reaction forms mixtures from which unwanted; / \ ; 
compohents arei removed. " 

W can be hydrogen or any one of a wide variety -of 
15 protecting groups so long as they can be removed independently 
of the other protective groups (X, y, and Z). ^referablyy when W 
is a protecting group/ it is a triphenylmethyl group, such as 
DMT (dimethoxytrityl) or monomethoxytrityl ; a carbonyl- 
containing group such as FMOC (9-fluorenylmethyloxycarbonyl) or 
20 levulinoyl; an acid-cleavable group such as pixyl; a fluoride- 
cleavable alkylsilyl group such as t-BE»(Si (tert-butyl 
dimethylsilyl) , triisoprppyl silyl, or trimethylsllyl; and the 
like. Most preferably, W is the protecting group DMT. 

X may f be H or any one of a wide variety of protecting . 
25 groups, so long as it can be removed without destroying the 

product nucleotide. For exanqple, X may be an allcyl group, such 
as methyl, ethyl, isopropyl, tert-butyl, or n-heacyl; haloalkyl 
such as haloethyl; cyanoaakyl such as -CH^CHsCai; an aryl group 
such as o-chlorophenyl or methos^henyl ; axid the like. However, 
30 most preferably, X is the cyanoalkyl group -CH2CH2C31. 

Y may be H or any one of a wide variety of. groups. 
However, as a guideline to selecting useful groups, Y should 
r preferably be a hydrocarbon. For example., useful Y groups 
include alkyl groups such as methyl ethyl, isopropyl, tert- 
35 butyl, or nrhes^l.; Alternatively, tw Y groups, taken together, 
: may^ form a heter cyclic ring with the nitrogen atom protected, 
such as morpholino, piperidino, pyrollidino, and th like. Most 
preferably, Y is an alkyl group, such as methyl or isopropyl . 
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Z can be any on of lairg number of diff r nt 
protecting groups and should be chosen so as to have the same 
characteristics as X;. .Suitable exanqples of Z as a protecting 
group include an alkyl group, euch as methyl, ethyl, isopropyl, 
5 tert-butyl, or n-hexyl; a cyanoalkyl group such as -CHjCHaCN;: an 
aryl- group such^ as p-chlprophenyl, or methoxyphenyl ; and the 
like : Preferably * : Z is cyanoalJcyl such as '(m^ai2CN., 

In a ^particularly preferred embodiment,,, W X 
, and Z are eaqh -CH^CHjCN, and Y is an isopropyl group • ; jWethods 
10 of manipulating varipus protective groups with respect to I)NAt£ 
are known, to those of ordinary skill in the art. Using similar 
methods to protect the 2' -hydroxy group of an RNA molecule with 
a protecting group is also known, e.g. , see , Wang et al., 
"Enzymatic and HMR Jknalysia of Oligoribpnucleotides Synthesized 
15 with ;2'-tert-9utyldimethylsilyl Protecjted 

Cyanoethylphosphoramidite Monomers " , yuc|eic Aeida Research. 
lfl:ll, 3347r52 (1990^.,: 

. The bases B^, and B^ are each independently selected 
from the group consisting of .protected adenine, protected 
20 guanine, protected cytosine, ^protected or unprotected thymine .r 
emd protected or iinprptectedc, uracil. When amy one or more of 
B^, B? and B^ is adenine, cytosine or guamine, it should be 
protected with a group such as benzoyl, isobutyryl, 
. phenpxyacetyl , methoxyacetyl, am ami or the like. 

25 In a particularly preferred ^pdapdiment, B^ is selected 

fyom the group consisting of an adenine base protected with a 
benzoyl projecting group, a thymine base, a cytosine base 
. protected with a ^benzoyl protecting group, amd a. guamine base 
protected with am isobutyryl protecting .group. In amother 
30 preferred embodiment, B^ iS: selected from the group consisting^ 
of thymine amd guamine and, whjen B^ is. guanine, it id protected 
with an isobutyryl protect ing, group. . . . : 

In yet amother preferred , embodiment, B^ is selected 
from the group consisting of protected adenine and cytosine. 
35 When B^ is either adenin or cytosine, it is preferably 
protected with a b nzoyl protecting group., 

Pr f erred groupings of B^, B^ and B^, with protective 
groups often preferred for each grouping, are shown below: 
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..■•r- -.• . ;vB^.^--.A*'«?-B2^-.'--T; and -/A*** -. 

-. C*»'-;VB2 T;:' and -• A*'* • 'v-- 

B^--'-'/G^;''B* - T; ■and-'B^-- .A*«--.- ■.- " 
/rS ^' B? - b2 ^ G^P^i and B^ - A*»« 7 

" '' '^ ' "Ivin-the toove formula represents thfe residue of a 
ribose-or dedxyriborie. Rlbose iia the pentose •C3l20H(CHOH)aCHO 
tixat fcztris the sugar backbone of an RNA 'polynucleotide chain in 
its furahose form by a series of 5' -3 ^ sugar- phosphate links. 
J,Of;£'DeQxyribbse has^^ one less hydroxy group at ther 2 -position of the 
^ ■ - s^ and is the sugar- that forms the backbone 6f a DNA 

^"^"chainV'^'-^*' ■ ' -y-. ' ..■:X^:fr' ..-7 .J t 

^ The compounds of the ' invent i&n can be made by: 
: — - ( a. treating a nucleoside con^ a base, a^ ribose 

15 or debxyriboser residue, and a first protecting 

' " - g the ^5^ position 6r the 3^' poiBitib^^ with 

a trialkylsilyl halide to produce the 
^ ^ ' ^ ' x:orresponding 3 ' - and 5^ -subs ti tilted nucleoside; 

bv reftiovirig the first protecting group at the 5' or 
20 ' ' ^ ^ 3' position to produce a 5' or 3i' deprotected/ 3' 

' or 5 '-substituted nucleoside; - 
^ c. cbiipliiig the 5' or 3 ' deiprotected 3' of 5' 

substituted nucleoside with a first nucleoside 3' 
or 5 ' phosphbramidite and then oxidizing- to form 
25 ^ " a pfoisphate trimester; 

- dl d^protecting at the 5' - and 3' -termini to give 
' the corresponding 3^ 5' -dihydroxy dinubleoside; 
ie / . Coupling the dihydroxy 'dinuclebside with ia second 
' ' nucleoside 3 ' or 5 ' phosphoramidite and oxidizing 

3 0 " ' to produce the two corresponding 3 ' or 5 ' hydroxy 

' trinucleotideie; v 

f . separating away Unwanted products ; and 
g- converting the 3'-' or 5* hydroxy trinucleotide to 
^ a 3^- of 5' phosphoramidite. 

35 Step "a/"' f this pafticuiarly advantageous process 

for making the compounds of the inv ntion conipfises treating the 
stafting nucleoside, which has a 3'- of 5' -protecting group such 
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as Dikr/^ith a trlallc^ halldev such asv t-bucyl ^ 

dimethylflilane halide. For example, when the starting ; , 
nucleoisiide has a 5' -protecting group, the product will be a 
^ 3 ' - t tialkylsilyi , 5 ' -protected nucleoside , This reaction is 
5 illusttatfed below: - - ^ , 



. V ■■ HQ. CH j., 



trialXylsilyl halide, 



W-O-CHp— CH^^ ' CH 
(alkyl)3-Si-0^ 



where W and are as defined above « 

This reaction is typically carried out in the presence 
of AgN03 or imidazole t which acts as a catalyst, and an organic 
solvent, such as pyridine or tetrahydrof uran • Preferably, the 

10 reaction takes place in an inert atmosphere, such as that 

provided by nitrogen or argon gas. The product may be isolated 
from the rest of the reaction mixture by any convenient method « 
such as by drowning out in a non- solvent, precipitating out, 
extraction with an immiscible liquid, evaporation of a solvent, 

15 or some combination of these or other methods. A particularly 
preferred method of adding a 3' -t-butyl dime thylsilyl protecting 
group is provided by Ogilvie et al.. Pure and Appl . caiem. . 
325-30 (1987i . ^ 

In step "b, " , the protecting group at the 5' -a or 

20 3' -position can be removed selectively by sny one of a number of 
various procedures, for exanple, by treatment with a mineral 
acid, such as HCl or H2SO4; an organic acid such as HOAc, 
dichloroacetic acid, trichloroacetic acid, b nzenesulfonic acid; 
anoth r strong acid; a metal halid such as ZnBr2 or another 
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Lewis acid; a bas such as, piperadine or hydrazine ,%„^and the 
like.--'- -^v. \. /■ "-l. ■ .' "r.. /'f 

- In the removing step. ,"b.*J, a solvent is typically 

used/' such as an alcohol, acetonitrile, diethyl ether, acetone, 
5 ethyl acetate, or the like* Preferably, the solvent, is 
acetonitrile. 

The 3 ' - or 5 ' -deprotected product may be isolated from 

as by drowning out in a non-solvent, precipitating out, 
C}_ extract ion with an immiscible liquid, evaporation of a solvent, 
or some combination of these or other methods. Preferably, the 
3-silyi-iprotected nucleosides are isolated by crystallization. 

Step "c." of the above -described process involves 
coupling the 5'- or 3 ' -^eprotected, 3'- or 5' -substituted 
nucleoside with a first nucleoside phosphpramidite, followed by 
oxidation of the intemucleotide trivialent phosphorous to form a 
phosphate triester. The first nucleoside phosphoramidite has 
the formula: 

, W"0- CHp— CH^ CH ■ 

■ ■ ^ : : 



where W, Y# 2. and are as defined above. Such 
C^psphoramldltes are usually ayallablje coanierclally under the 
trade name "DNA Amidites . ■ lypically, the nucleosidis 
phosphoramidite, is . used In the amount of from about 1.0 to about 
1.1 equl-v^lents, most preferably about l.l equivalents. 

After being condensed with, for exaaqple, the 5'- 
deprotect ,d euid 3'-8ubstltut d nucleoside described above, and 
after the dlnucleotlde ph sphlte trlesters have been oxidized to 
phosphate tries ters, th coupled product has the formula: 
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W-O-CHj CH CH 

' HC — -CHV " 

- ^ I . 

. C 

■ r •' 

. • v'X-O-P=0 

■ I . . 

0— CH2 



CH CH 

\- / 

HC— CH- 



(alkyl)3Si-0'^'' 



where W, X, and are as defined above. 

Thp.s ^dlxner formation reaction typically takes place In 
the. presence of a tetrazole for the purpose of activating the 
phosphoraicddite . The amoiint of tetrazolei present caii vary 
5 widjsly between about 3 to abo^ 10 equivalents, but prefereUbly 
is about 10 equivalents. Other materials that can be " -'^ 
stibstituted for tetrazole include benzotriazole and p- 
nitrophenyl tetrazole. 

The dinucleotides are then given a deJalocking ' 
10 procedure, such as treatment with acid, to deprotect the 5'- and 
_.3r» termini, using one of the deblocking procedures d^'s erf feed 
abpfve, either alone or in ccitibination with each other or' other 
procedures known to those of ordinary ikill "in the- art.- The 
, resulting deprotected 3^5' dihydrbxy dinuclebside is typically 
15 isolated from the rest of the reaction mixture by any convenient 
method, such as by drowning out in a non- solvent, preclj^itating 
out, extraction with an immiscible liquid, evaporation of a 
. solvent, or some combination of these or other' methods « A 
preferred isolation method is by chrcwnatography 
20 Further, when a silyl protecting group is present in 

step "d.", a silyl cleaving agent such as KF is also typically 
added to the reaction mixture, primarily to diminish side 
reactions but also to accelerate the deprotecting reaction. 
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Other exanqples of such agents Include tetrabutylanmonluin 
fluoride. 

Next, in step "e.*, the deprotected 3' ,5' -dihydroaqr 
dimer is coupled with ja second nucleoside phosphoramidite having 
5 a base B^, and the trizner product is then oxidized to produce 
the two corresponding hydros^ trinucleotides. In a preferred 
embodiment, the deprotected dimer is coupled with the second 

trinucleotide. The resulting 5' -W-3' -hydroxy trinucleotide can 
™iS^.,^then be isolated, as in step "e." by amy means for separating 
away unwanted products, preferably by column chromatography. 
The final step, "g. **, conprises converting the 3'- or 5' -hydroxy 
trinucleotide, such as 5' rW-3f -hydroxy trinucleotide, to the 
corresponding 3'- or 5- 'phosphoramidite, preferably by the 
15 procedure of Sinha et al., Tett. Lett, . Zk. 5843-46 (1983), and 
. , isolating this by colximn chrco^ 

^ . The resulting 3' - or 5' -phosphoramidite 
trinucleotides, also called codoh amid;ites, cam be coupled onto 
. nucleoside Qr nucieotide-bearlng solid supports with semi -manual 
20 methods. For exanqple, a Biosearch 8750 four- column, autdnated 
DNA synthesizer running a synthesis program without the coupling 
step can be used for 5' -deblocking, oxidation and capping, as 
well as washing between steps. 
, . Further, a mixture of frcb two to twenty 3' - or 5' - 

25 ^ phosphoramidite trinucleotide codons, of their conqal^nents , can 
be used to assemble a panel of codons, with each codon encoding 
V a different amino acid. Such panels are useful for making 
oligomers, such as synthetic DNA fragments, by sequentially 
coupling the. individual codons in the panel to a dC nucleoside- 
30 or nucleotide- functlonaiized support. 

Specifically, in accordance with one of the processes 
of the invention, an oligonucleotide can be synthesizeid to 
encode a sequence of "n" pre-determih'^d amino acids, or i^s 
complCTient. Such a process cooprises the steps of: 
35 . (a) coupling a trinucleotide cbdon or its complement 

nto a B lid support; 
, (b) sequentially condensing, through a 

phosphoreunidite linkage, with each immediately 
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: ; ^i. preceding: qpd n, or con5)lement, n-1 trinucleotide 

^' . V i - V codons ; or their cpinpleinents , each :.cpdpn ;Or its 

. ; T ; ; ; complement corresponding to the next , pre- 

:^ deteraiined amino, apid .in the seguezice; and 

5" (c) cleaving the oligonucleotide, from the solid 

support. ... ^ , , , ■ , . , 

Step.(b) above, directed to sequential condensation, is as 
described above ggneraHy, for condensation reactions- Step (a), 
the coupling of a^codon onto a solid support, and step (c) , the 
10 ^ cleavage of the resulting oligonucleotide fr:pm the support,^ .are 
performjed by methods known to those of ordinary skill in the 
art* The cleavage procedure usually removes all protecting 
groups simultaneously to generate biologically active material. 

Anoligonucleotide encoding a peptide having at least 
15 one pre -determined suaino , acid position and at least one random 
amino acid position can be prepared in accordance with the 
invention by a process, coB^rising the steps of: 

(a) coupling a first trinucle^ptide codon, or the 

f , complement to, said codon, onto a nucleoside- or 

20 nucleotiderbef ring solid support; 

(b) for each pre -determined amino acid position, 
sequentially coupliiag through a phosphoramidite 
to an immediately preceding codpn, or complement, 

^ ^ ? a trinucleotide codon, or its complement, 

25 Gorrespoxidlng to the pre-detennlned axnl 

; . (c) for each random amino acid, position, 

i t through a phosphoramidite to, an immediately 

preceding codon, or conqplement, at least two of 
/ ^ . the trinucleotides: representing a codon, at least 

30 two of the trinucleotides representing a codon to 

a different amino acid; and , , 
(d) cleaving said nucleotide f rom^ the solid support . 
: Each pre- determined codon sequentially cprresponda to^ each pre* 
' determined amino acid position in, the desired oligonucleotide. 
35 Furth r, steps (b) and- (c) above ar preferably canbined in. such 
a way that the identity and ratio of the codons used in each 
said mixture represent the degree of diversity desired in the 
corresponding random amino acid position. , , 
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' Finally, in accordance With a third embodiment of the 
invention , 'an bligbntidleotide having at 1 ast one region f 
random 'surdno acid pdsitions^ which may be optionally preceded or 
" followed by "n" pre ^determined flanking amino acid sequences, or 
5 their complements/ the thir of the invention 

conprises the steps of: 

(a) coupling at least one pre-existing trinucleotide 
' " ' codon, or cdn{>lement, onto a nucleoside^ or 

^ ' ^niicleotide-bearing tfblid support; V ' 

^\^XOZ:^.: ' (b) ^ for each random amino acid position; sequentially 

' coupling thifough a phosphoramidite to ^e 
ixmnediatiely preceding codoh, or complement, a 
mixture of from 'two to twenty pre-existing 
■ ' ' ' '3 ' -phbsplioramidite trihucledt^^^^ codons, each 
15 codbn correspoxidihg>to a different amino acid; 

(c) bleaving thei bXigonuGledtide from the solid 
support . ^ ' ^ ' ' 

' rate identity and ratio of' codons used in each mixture represent 
20 the degree of diversity desired in the corresponding random 
axnixio acid position. ' ^ ' ^ - 

These processed of €hB' invention for making 
biigoniicleotides provide hew methods for building diverse DNA 
libraitiesVusing the pre-fbrmed t codons in combination 

25 ^ with reliable phosphoranddite 'DNA synthesis • Although coupling 
efficiencies may be modest; the amplification power of the 
pblymerase "chain ^r (PGR) renders them adequate for a wide 

' rahge of pui^bses.^ For exan^le, combixiatorial libraries using a 
systeimatically diwrsif ied setia of monomers have been made by 
'30 chemical means* Using the coddri amidites of the invention, the 
advantages of a practical Synthetic pathway and the ability to 
thoroughly characterize the resulting cooqpounds cam now be 
TO extended to redombiriant librar * Selected stibsets - of amino 
acids can be used tb' analyze structure/function relationships in 
35 a wide variety' of contexts, such as the role of steric bulk 
versus electronic properties in a particular chemical 
environment. Specifically, the striking biases that exist in 
amino acids present at shbrt distances from bound ligands have 
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' ^alre'aBy be n noted lii a collection of about 50 protein^ crystal 
stfuctures, thus enabling the synthesis of novel binding, sites 
" by directed mutagenesis. This, In turn, results In the ability 
to produce more selectively targeted biological materials such 
5 as drugs and diagnostic markers* > 
' It is therefore seen that the coirposlt ions, and 
processes of the invention are superior to the generation of 
codbns using /mixtures of mononers to obtain a random mix of 
^ ' acids in a particular position, because (l) stop codons 

10- are eliminated; (2) the codons expressed are more easily. 
controlled, particularly when the expression of a library 
containing less than 20 amino acids at a given site is desired; 
and ' (3) the codon redundancy inherent in the standard N-.N- (G/C) 
mixed site is' eliminated since an inflated library^ size -is not 
15 needed to achieve complete representation. Moreover, the 

compositions and processes of the invention are clearlyy superior 
to the physical support -^splitting methods, which involve, 
repetitive coupling, mixing, ; and dividJ^ since less 

labor is required. Further, only a modest .synthesis scale is 
20 needed to provide all of the desired sequences. , ^, . 

; The following exanples are Intended to Illustrate but 
not to limit the- invention. ^ - > 



Example 1 : Preparation of N*-Benzoyl-3' •tert-butyl- 
dimethylBilYl Depacycvtldine _^ 




25 where is C^*. 

A solution of 5 g (7.9 mraol) N^-benzc^x-S' -0- (4,4' - 
dimethoxytrityl) -2' -deoxycytidine in 200 mL of pyridine was 
reduced to a foam in vacuo. Another 200 mL of pyridine and 2.5 
g of AgN03 was added, and about 50 mL of the pyridine solvent 

30 was removed by rotary evaporation • The flask containing the 
reaction mixture was flushed with argon, and 3 g of the solid 
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tert-butyldimethyiBllyl chlor^^ (TBI»1St.C1) (19^8 fl^ 

ada^d. The resulting s luti n nias allowed to stand oyemight. 

' The next day, 10 mL ;of methanol: was added,; and the 
^ reaction mixture was reduced to a solid in vacuo. :;,2 00 xnL of 
5 ethyl acetate and 100 mL of water were added, and the mixtur 
was transferred to a separatory fxinnel and allowed to separat . 
after separating, the organic layer was washed with 100 mL of 
water' and dried over anhydrous Na2S04 . : The solution rwcis reduced 
td a foam and- sxibjected to high vacuum overnight • The yield was 
. 10 Si^a g (98%) of a Single spot material (rf 0.81. in^ 9:1 m . 
Gtt^Gl^'rMeOH)-. ' v.-r- / ^. - > 

^ ^ This 3 ' -protected product ^s dissolved in 200 ^mL 

' - a^ mL of 6N HCi was added. The reaction mixture 

cv-: turned red, wks Allowed to stand for one minute,; and then was 
15 neutralia^ed to a colorless endpoint by adding ,28% aqueous 
ammonia. The soliution was reduced to a solid in vacuous The 
solid was dissolved in 200 mL of methanol. When 100 mL :Qf water 
were added, the solution became cloudy. The mixture :was. placed 
in a separatory funnel and washed with 200 mL of hexane. 
20 Crystals formed in the aqueous layer, and these were collected 
by filtration and washed with hexane. Thie aqueous layer was 
then chilled, and the resulting crystals were combined with 
those previously obtained to give 2.5 g of white powder (73% 
yield; rf 0i 64; n^) iP5-110«t)^. ; - ; 

25 NMR (300 mHz, CDCl^) : 6 8.3 (d, IH) ; 7.8 (d, 2H) ? 7.5 (d, 

2H): 7.4 (5, 3H) ; 7.2 (s, IH) ; 6.15 (s, IH) ; 4.45 (m, 
IH); 3.95 (8, 2H); 3.75 (e(, 2H) ; 2.4 (m, IH) ; 2.3 (m, 
IH) ; 0.8 (s, 9H); 0.0 Is, 6H) . 
m/z 469.7, calculated. MNa* 469.7. 
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Preparation of Thymidine- 3 ^-yl l^*- Benzoyl^ 




TBDMSiO 



DMTO 



1 Nuc. am/dite, 
^ telrazole 

2. Oxidation 



TBDMSiO 




; Where B?- is C?** and B^ is T. . 

: < A solution of 1 g J 2. 2 nrool) N* -benzoyl -3 ' -tert- 

5 butylditnethyleilyl deoxycytidine in 150 mL of dry CH3CN was 

reduced to a foam in vacuo. The procedure was repeated/ and the 
residue was subjected to high vacuiim for one hour. About 40 mL 
of dry CH3CN was added and, after the solid starting material 
dissolved, 2 g (2.7 rarool) of 5'-0-(4,4'- 

10 dimethoxytrityl) thymidine-3' -0- (2-cyanoethyl-N,N- 

diisopropylphosphoramidite was added. To this was added 10 mL 
of 0.5 N tetrazole in dry CH3CN, and the mixture was allowed to 
stcmd for 15 minutes. 150 mL of ethyl acetate, 50 mL of water, 
100 {lit of pyridine, and 2 g of iodine were added, and the 

15 mixture was shaken until an orange color persisted. To this was 
added 4 g of Na2S203, and the mixture was shaken in a separatory 
funn 1 until the orange color disappeared. The layers were 
s parated, and the organic phase was washed with 200 mL of a 
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saturated solution o£ NaHCO^ In water ,and dried ove^ anhydrous 
Na2S04. Ili^ isblutlon was filtered reduced to a foam In 
vacuo. The yield was 2.7 g (100%; rf 0.6 in 10* MeOH/CHjClj) . 
H.R.M.S. calculated for C55H^gNg03^4SiP: 1105.4144. 
5 Pound: 1105.4164. 

This product was dissolved in 100 inL CH3CN, euid 10 znL 
of 6N HCl were added. The reaction mixture turned orange and 
was allowed to stand for 90 minutes. Cautiously, 28% aqueous 
ammonia was added until the orange color disappeared. 5 mL of 
^pyridine was then added. The solution was reduced to a solid in 
vacuo and subjected to a high vacuum dvemight. The solid was 
partially dissolved in 40 mL of 5% MeOH/CH2Cl2 and applied to a 
bed of silica (4 X 15 cm) packed with the same solvent. Elution 
proceeded with a series of MeOH/CH2Cl2 mixtures, as follows: 500 
mL of 5% MeOH; 500 mL of 10%, 500 mL of 15%, and 500 mL of 20% 
Me0H/C3l2Cl2 • The ; product containing fractions eluted at 20% 
Me0H/CH2Cl2# were pooled, and then reduced in vacuo to give, 
after high Vacutim overnight, 1.2 g of a clear tar (68% yield; rf 
0.19 at 10% MeOH/CH2Cl2) . 

MALDI m/z 711.6, calculated. MNa*^ 711. 

NMR (400 mHz, DMSO Dg) : 6 11.2 (s, IH) ;1 11.1 (m, IH) ; 8.1 (d, 

IH); 7.9 (d, 2H); 7.6 (S, IH) ; 7.5 (t, IH) ; 7.4 (t, 

2H) ; 7.2 (s, IH); 6.1 (m, 2H) ; 5.4 (d, IH) ; 5.1 (m, 

, . ^UH) r4.9 (m,^ i^^ 2H); 3.5 (m, 

' 2H); 2.8 (5, 2H) ; 2^3 (ni, 3Hy ; 2.0 (m, IH) . 



< 
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' gac y n plfe 3 ; Preparation of N**- Benzoyl- 5' -Or (4,4V- dir^^^ 

inptlioxytrityl)d oxyadenqBine-3' -yl Cyanb- 
ethylphosphate-5' -yl Thyad.dine^^ " 
' N4-Benzoyldeoxycytidine-S' -yl Cyano-. ^ 
5 v; : ethvlDhoBPhate ^ ' 




where is C^*, B^ is T, and B^ is A***. 

A solution of 1.2 g (1.4 itimol) of thymidine-3' -yl N*- 
benzoyldeoxycytidine-5' -yl cyanoethylphosphate in a mixture of 
100 xnL dry CH3CN and 10 mL DMSO was reduced to a volume of about 
10 10 mL in vacuo. This process was repeated with 100 mL of dry 
CH3CN. 

After flushing with argon, 60 mL dry CH3CK and 10 ml 
of 0.5 N tetrazole in CH3CN were added. Three aliquots of 500 
mg - benzoyl - 5'-0-(4,4'- dimethoxy trityl ) - deoxyadenosine - 3 ' - 
15 0- (2-cyanoethyl) -N,N-diisopropyl-phosphoramidiue were added at 
10 minute intervals (total 1.5 g, 1.7 mmol) . After 10 minutes, 
150 mL of ethyl acetat and 50 mL of water were added, along 
with 100 ^L of pyridine. About 1 g of iodine was then added, 
and the flask was shaken until an orange color persisted. To 
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this was added 4 g of Na2S203>; and the mixture was .jsbflcen until 
the orange > color disappeared. ; rs were separated, and 

the organic phase was washed with 200 inLp£ saturated NaHCOs 
solution and dried over anhydrous Na2S04/ The mixture waa 
5 filtered, and the filtrate was reduced to a foam in vacuo. A 
silica column (3 x 12 cm) was prepared using 2% methanol and 1% 
pyridine in CH2CI2. The trimer product was applied to the coliimn 
using 20 mL of the same solvent* Blutlon proceeded with a 
series of MeOH/CWjClj mixtures, specifically, 200 ml of 2% MeOH, 
JLQ.. .200 ml of 4%, 200 mL 6%, 200 mL 8%, 200 mL 10%, 200 mL 12%, and 
, 200 mL of 14% MeOH/CH2Cl3' The product -bearing fractions, which 
eiiited at 14% MeOH/CH2Cl2» were pooled suid reduced in vacuo to 
give 600 mg (29% yield) of the desired trimer (rf 0.28 in 10% 
MeOH/C2l2Cl2) - 

15 MALDI m/ss 1492, calc'd, MNa+ 1489. 

NMR (400 mHz, CDCI3) : 6 6.6 (d, IH) ; 8.2 (d, IH) ; 8.03 (t, 

IH); 8.0 (d, 2H); 7.8 (t, 2H) ; 7.6-7.1 (m, 17H) ; 6.8 
(m, 4H); 6.5 (t, IH) ; 6.1 (s, IH) ; 6.0 (m, IH) ; 5.3 
I (broad s, IH) ; 5.2 (s, IH) ; 5.0 (broad s, IH) ; 4.5-4.2 
20 (m, 15H); 3.8 (s, 6H} ; 3.4 (m, 2H) ; 3.2 (m, IH) ; 

.2.8-2.2 (m, 12H); 1.8 (m, 3H) . 
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' gamnple ;4 ; Preparation of N^-Benzoyl-5/ -0- (4,4' rdi- . 
, _ . methqxytrityDde xyadenosine-3' -yl Cyano- 

^ ^ ethylphosphate-S' -yl Thyitddine-3 ' -yl ^ 

. ^ t v; N^-Benzpyldeoxycytidine-S' -yl Cyanoethyl - 

5 phosphate-3-0- (i-cyanoethyl) -N/N-diiso- " 

propylphgaphoramidlte '■ ' ^ " • ^' 




where is C^*^ B^ is T, and;B^ is J^*. 

A mixture of ,50 mL of CH3CN and 100 'ml THF were used 
to dissolve 400 mg (0*2T mmol) of N^-benzoyl- 
10 5' -0- (4,4* -dimethoxytrityl)deoxyadenosine-3' -yl 
cyanoe thy Iphosphat e - 5 * - y 1 thymidine - 3 ' - y 1 

N*-benzoyldeoxycytidine-^5' -yl cyanoethylphosphate (from Example 
3) . The solution was stripped to a solid in vacuo. After argon 
was blown into the flask, the solid was re-dissolved in 60 mL 
15 THF. About 1 mL of diiso-propylethyleunine (DIPEA) was added, 
along with 300 fiL 2 cyanoe thy 1- 

N,N-diisopropylchlorophosphoramidite (318 mg, 1.3 mm). The 
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aolut Ion irais a.1,1 owed to stand for 20 minutes, acad:^5(W]j;pf 5% 
aqueous NaHC03;wer add d.. Tti - solvent was removed in vacuo, 
and 100 mli of ethyl atcetate waiB added. The solution was washed 
with 6 p mL of a 5% aqui^oiis solution of, NaHC03, dried over Na2S04, 
and reduced to a solid in vacuo. A silica column (2X7 cm) was 
prepared using 2% methanol and 1% pyridine in CHjClj. The crud 
product was applied to the column using 10 nL of this solvent. 
Slut ion proceeded with a series of MeOH/CHjClj mixtures, 
specifically, 100 mL of 2% MeOH/CHsCla , 100 mL of 3%, 100 mL 4%, 
100 mL 5% and 100 mL of 6% MeOH/CH2Cl2. The product -bearing 
fractions, which eluted at 6% MeOH/CSIjClj , were pooled and 
reduced in vacuo to give 140 mg (31% yield) of the desired codon 
amidite 'Crf 0.45 at 10% IteOH/CHsClj) . 



NMR (162 mHz, CDCI3) : « 8 147.2, 347.16, (P"^) , -4.560, 
15 ' -5.563 (P^). Area ratio P^" / P^ - 20.243 / 39.782. 

Ana;L. CaLlc'd for Cw'^v^'MOaoPa'CHaCla: C, 56.24,- H, 5.58; N, 
11.19. Pound: C, 55.91; H, 5.23; N. 11.32. 

Rvan^i** tj. Preparation of Other Codon 
Phosphoramldtte ComoQundg 

20 The following additional trinucleotide codon 

phosphorainidites made by the general methods described above in 
Examples l-4i 



25 



30 



WO- 



0---- 0---- 

■r ■ I 

0--P-- (0) Or-P-- (O) 

/ I / I 
0-X 0-X 



0-Z 



/ 



0--P 

N- (Y)2 



Wherein W is btfT, X auid Z are both' -CH2CH2^' ^ 
diisppropyl amine; 
J is the" residue f a ribose' or debxyribose; and 
35 ' " B^, B^ and B^ for Confounds 1-4 are as shown bielow: 

Confound 1: B^ - A*'*; B^ - T; and B^ - A*** 



Confound 2: 



B^ 



T; B^ - T; and B^ - C*' 
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^ Conipoiind iV - G^^; - T; and B^ - 

Cotnpound 4: B^ - c**; B* - G^*^,- and 'B^ ' . ifi* 

The codon axtiidite triplets dATA, . ^CTT, dATC, . dATG and 
5 ™ d^C wete made by solution phase methods and conyerted into 

codbn 3'-phosphoramidites, with protecting groups that are fully 
COTjiktible w phosphoramidite DMA synthesis 

ch^Eoistry. The 3 ' -hydroxyls were converted into N^N-r - 
diisopropyl-iS-cyanoethylphospHbrairddites us^ the general r 
10 method dbscribed above in Examples 1-4; The resulting codon 
amidites were single spot by thin' layer chromatography , (TLC) , 
and two of the cdnpoxznds appeared to be more than ?0*,pure by ^^P 

These individual codon amidites were subjected to 
15^ several furictibnal tests i First, L the individual codons were 
liiged to make a 16- nier dATACTTATCATGJiQCC by sequential coupl 
onto a nucieoiside- bearing > dC-functionalized solid support, 
using semi-manual methods* A Biosearch 8750 four -col\amn, 
automated DNA synthesiaer, running a synthesis program, without 
20 the coupiincf step, was lised for detritylation, oxidation and 
capping, as well as washing between steps . 

Coupling was done manually in the following manner. 
Under argon, the codon ^imidite was dissolved in acetonitrile to 
make a 100 mg/mL solution, and 100 ^iL.of this solution .was taken 
25 up in a 1-cc tiaberculih syringe jluer slip- tip) . Tetrazole was 
dissolved in CH3CN to make a 0 .6 M solution, of which ^100 /xL was 
taken up in a second syringe. ^ ; . : ^ 

The DNA synthesizer instrument was ; paused before the 
time that coupling would normally occur, and the liquid was 
30 removed f rom the column by an argon drying stepw Th was 
removed from the instrument, and one syringe was inserted into 
each end of the coltimn. The syringe containing the a^p-dite was 
discharged into the fcblumn. The:excesB volu^ue was all to 
enter the syringe containing the:tetrazOle. solution, at th^ 
35 opposite end; Next, the tetrazole-^ containing syringe, was 
discharged, and the first syringe was allowed to fill with 
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ebccess mixed £luldv The process was repeated three times, and 
the cioltimn was allowed to stand for 1 minute 

After the syringes were removed, the column was plac d 
back on the ln8trmnent.;/> Ctod.datlon, , and detrltylation 

5 steps were performed as appropriate to connplete the desired DNA 
structure. At the end of the synthesis, the DNA^ fragment was 
cleaved from the solid support and, at the same time, the 
ekbcyclic amine and internucleotide phosphate protect!^ groups 
were removed .by treating the DMl product with concentrated 
l£^^ira4 72 hours at room tenperature, Oligopac reverse phase 

r . vf. (coiranercially .available, from Milllpore^^ and the 

- i associated protocols for, these cartr^ were used for 
' ' purffication. On m 0.2 iM^^^^^ scale,, 2 O.D, units (260 

nm) of DNA were obtained after the cartridge purification 
15' prbcedufe. ■ ..-.-v ; ^ .. . 

The same -sequence was then made with monomers and, 
' when tested by co-elution on SfAX rajLC, ^ t DNA fragment obtained 
apjpeared to be identical to the r sequence made. with mpncniers. 
See Figures lA, IB and IC. The details of the SAX HPLC analysis 
20 ar^ as^ follows: ^^A 5 X 250 mm cplximn qf Whatman Partisil- 10 was 
used; Buffer A, 0.002 M phosphate, in 20% CH3CN at pH 6.8, and 
Buffer B, 0.2 M phosphate in;.20f CH3CN at pH 6.8, were both 
prepared. The gradient used was 0-75% Buffer B over a 30- 
miriufee period, at a flow rate of 1.5 ml/min. The product was 
25 detected at 260 nm.i . , . 

Shake venom phosphodlesterase/calf alkaline 
^ phosphatase digests of both l6-mers also looked identical, 
further establishing the structural Integrity of the DNA 
fragments miade by the method of the^ invention. 
30 * " Next, to evaluate the relative coupling efficiency of 
the codoh amldites, a roughly equiaiolar mixture of five ... 
different cbdohs was coupled to a dC- functionalized solid 
' support! Product tetramers made by coupling. the codon amidltes 
were quantified by analytical HPLC. The coupling efficiency of 
35 the codon amidlte mixture averaged 71%, as cai|5>ared to the 95- 
• 99% c tipllng efficiency observed for monomers. 

' The results of co- injection with tetramer stsmdards 

prepar d with monomers showed substantial incorporation of four 
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- H v - out Of > five trimer c d n amidites being tested and confirmed 
that the identity of each of the tetramers produced was 
, vconsijstent with th^ reaction. 

\ For calculation of the relative amounts of tetram rs 

5 in the HPLC trace, molar extinction coefficients for the 

nucleoside monomers were measxired in 50% aqueous methanol at 260 
nm: dA (13000) ; dG (11100); T (7550) ; dC (4700) . ' These valu s 
were used to , correct the areas used to represent the znoie % of 
each species present: CTTC (30.2%); ATCC (46.5%) ; AtGC (10,0%) ; 
10 and AGCC (13.2%) . ^ 

Bxample 7: . Recaribigant Pffl Methode 
^ : , The codon amidites were then used to produce a 

"scraxiibled region?, in which 15 internal base pairs werci 
raihdomized by coupling a mixture of all five codohs (dATA, dCTT, 
15 dATC, dAIG and dAfiC) at five sequential sites. These scrambled 
regions were f lan}ced by homologous regions made with amidite 
monomers. The procedure yielded a pool of 54-mer fragments with 
the sequence shown below in Table 1 as "Codon Amidite I.*' 

TABLB l/f pyA Sequencee Pggfl 

' 20 J3aa& ^ Sequence 

GST-Pl Sfil 5'-GATGCCaTGACTC6CGGCCCA6CCGCC" 
; CAT(S!SCATGC^^ 

Codon 5V-CCAGCATTCTGCC3GCCGC(XXX)5GGGGA- 
V Amidite 1 GGTTCACGTACTCAGG-3'^ ^ 

25 The DNA was purified on a reverse phase cartridge. 

For the reverse phase aumiysis, a YMC Corp. C-18 c^ (5 X 250 
mm) having a particle size of Sfx was used. Buffer A was 5% MeOH 
in 0.001 M TRAA, pH 7.5. Buf f er B was 90% M60H in 0. 001 M TEAA, 
pH 7.5. The gradient was 0-100% Buffer B over 30 minutes, with 

30 product being detected at 260 nm. With 0.2 jiM of 

support -immobilized initial nucleoside, 5 0. b. units of purified 
54-mer were obtained. .The oligonucleotide was" further purified 
by denaturing urea/acrylamide gel electrophoresis. 

This resulting 54 -m r pool was used as a primer in the 

35 PCR aiciplification of cDNA encoding a humaui glutathione 



W 96/16073 



PCTAJS9S/;5319 



- 29 - 

S- transferase. Th hxanah glutathi ne S- transferase El-l cDNA in 
the expression vector plboiPl was used as a PGR texnplate, in 
accordance with the procedure bf Widexrs ten, Conprehengive 
SummarieB of Tfoosal a biflflert^tiorifl f rom the Faculty of Science 
.5 383. Uppsala ISBN 91-554-9240-8 (1992). As a preliminary step, 
to eliminate an internal Sfil iaite at position ^573 -585 in the 
hxman^ Pl-1 cDMA, overlap PGR mutagenesis was performed. A 
GrtOrA substitution at position 562 removed the oxiJsite, while 
leaving the amino acid sequence unchanged. 
10 For randomization of amino acids corresponding to 

position 204-210 (INGNGKQ) , the following amplification was 
performed with the codori anddite primer pool, the PGR reaction 
contained 25 pmol each of thei primers GST- Pl Sfil and Codon 
Amidite 1 (shown above in Table l) , Perkin- Elmer Tag polymerase 
,15 buffer with MgClj added to 2 xtM, 10 ng of template pKXHPl, all 
four dNTP's at 250 fiM each, and' 2.5 units of Tag polymerase, in 
.. s^, final y of 50 ^1* 

Using, an Omnigene thermal cycler, the reaction mixes 
were put through 25 cycles of denatura:tibn (94*G, 1 mdnute) ; 
20 annealing (65«C, 1 minute); and extension (72*C, 1 minute); 

followed by a final cycle 6r e^ (72«C, 10 minutes) . The 

reaction product was gel purified, digested with Sfll and ATotl, 
and gel ptirif ied once again . 

The digested cDNA pool was subcloned into a phagemid 
25 vector by ligatihig to pHEN-1 phagemid 

vector in a stamdard ligation reaction. Ligated phagemid DMA 
, was^t into TG-1 by the procedure of 

Wnn^^Trt^nnm i»f> fine: Acldfl Res , 1 19 . 4133-37 (1991). After 

insertion of the mutagenized cDNA pool into the phagemid vector, 
30 sixteen transf ormants were randomly selected from this mini - 

librarjf , and. were sequenced to evaluate the incorporation of the 
scrambled codon region. The recombthant clones were sequenced 
through the randomized region using the primer CTATGGGGGCCCATTCA 
in the dideoa^ chain- termination niethod of Sanger et al., ProCt 
35 Natl, Acad, SgiV USA/ IA/ 5463-67 (1977) . 
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These clones showed randcan Incorporation of the proper 
codon s quenc s at the correct location. Table 2 below shows 
all of the codon sequences read in the 16 clones. 

• ..-J. .. . . . TABLE 2 ' ■ ' ■ ' 

1 ATC-ATG-AtG-ATC-CiTT 

2 . ATCr-ATC-ATC-ATG-CTT 

3 AGC-AGC-ATC-CTT-ATC 

4 ATC-ATC-ATC-ATC-ATC 
10 ^ 5 V / ABC-CTT-ATC-ATC 

..6 - ATC-ATC,-ATC-CIT; 

' 7 ATC^CTT-ATC-AtC 

, . 8 . , , . ATG-CTT- ATC-CJTT 

" ' -'9 r-vJ' _ AGCrATC-ATG:CTT 

■15 "'■ --lo-'" CTT-CTTiATC-AGC - ■ 

11 AGC-ATC-ATC-ATG-OT 

^ ■ .■.12--tr . v;.: , vATG-ATCrCTT-ATC / 

■ ■ 13-' ■" • ATC-CTT'-ATC-CTT'- -' 

,14 , ' A(k:-ATC-OT-CTT-ATC 

2a s:;.y .^.j" 15i. ATC-ATA-ATC-ATC, 

16 ATC-ATC-AGC-ATG^ - i 

Table 3 below lists the frequency and relative amounts 
of each codon transcript expressed. 



Codon Transcript 

25 Amdite Seen Preouencv Rel, » 

ATA TAT 1 1.4 

CTT AAG 17 24.6 

ATC GAT 34 43.9 
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. :i : CAT r , : : 9 13.0 

^ * v^^V ; GCT ^B''-''-'^^' 11,6 

Thus, the transcribed base sequences in the scrambled region 
matched those expected from the codon amidites, with reasonabl 
5 correlation with the values obtained by the tetramer HPLC 
analysis eibove. 

)ie 8 ; Altering Proportions of Amidites to 
^ "^^^'^ Improve Reoreaentation 

^ ^ In .this, experiment, the same procedures used in 

10 Example 7 were repeated, except that the concentration of the 
more reactive codon amidites was lowered in an attenpt to make 
e3q>ression of each codon more equal, based on the frequencies 
seen above in Example 7. Four out of 19 randomly selected 
clones had full length library regions. The lower expression 

15 quality was believed to be a function of lower overall codon 
amidite concentration. However, the results did show the 
desired increase in dATG and decrease in dATC, establishing that 
changing the relative concentration of the codon amidites in the 
coupling mixture has a serviceable effect on esqpression* Taking 

20 all of the da tai together, the expression ratios of codons in th 
clones were closely mirrored by the tetramer model coupling. 

The^ Inventors have therefore demonstrated the ability 
to constinict desirably diversified DNA libraries using pre- 
formed triplet bodon amidites and conventional phosphoramidite 

2 5 DNA syntheses . ; 
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1. A contpoiiad of the formula: 
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15 



20 



B^ 



W0-- 



0 1 O---- 

0--P-- (0) \ 0--P-- (0) 
O-X 0-X 



0-Z 

/ 

0--P 

/ I 



or 



3 •• 



z-6 ^ 
\ 

PO- 

I 

(Y)2-N 



B 



/ 

0--P-- (0) 

1/ I 

O-X 



B^ 



/ 

0--P-- (O) 

/ I 
O-X 



ow 



wherein W, Y and Z are each Independently hydrogen or a 
protecting gfoup; , 
X is -CH2CH2CN; 

25 B^, B^ and B^ are each independently a base selected 

.from the group consisting of protected adenine, 
protected guanine,, protected cytosine, protected 
" or \mprotect^d, thymine and protected or 

unprotected uracil ; and 

30 II is the residue .of a ribose or deoxyribose. 



2. The comppund of claim 1 yherein W is DMT 
(dimethoxytrityl) ; and/ or 

wherein Y is an isopropyl group; and/ or 
iWherein .2 is -CHjCHjCN; and/ or 
35 wherein is selected frpm the group consisting of 

protected adenine, protected gueminei protected 
cytosine, smd. protected or unprotected thymine* 



3. The compound of claim 2 wherein any adenine base 
is protected with a benzoyl protecting group; and/or 



•w 



T 
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any cytosine base is protected with a benzoyl 

protecting group; and/or 
any guanine base is protected with an isobutyryl 

protecting group. 

4. A process for making a confound of the formula: 



10 



15 



20 



B' 



WO- 



0--P-- (O) 

' I 
0-X 



0 y o-z 

/ I / 

O-X : N-(Y)2 



or 



b3 



Z-0 



B 
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(y)2-N I o--p--(o) o--p--(o) 

O-X O-X 
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25 wherein W, "x, Y and Z are each Independently hydrogen or a 

protecting group; 
bS B^ eind B^ are indepiendently a base selected from 
the group consisting of protected adenine, 
protected guanine^ protected cytosine, protect d 
30 or unprotected thymine and protected or 

unprbtebted uracil; and > 
B is the residue of a ribose or deos^ibose.i 
comprising the isteps of: 

a. treating a nucleoside coo^rising a base, a ribose 
,3,^ or' deoxyribose residue* and a first protecting 

group at the 5' position or the 3' position, with 
a trialkylsilyl hallde to produce the 
corresponding 3'- and 5' -substituted nucleoside; 
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b. removing the first protecting group at the 5' or 
3' position to produce a 5' or 3' deprotected, 3' 
or 5' -substituted nucleoside; 

c. coupling the 5' or 3 ' deprotected, 3' or 5' 

5 substituted nucleoside with a first nucleoside 3' 

or 5' phosphoramidlte and then oxidizing to form 
a phosphate tries^er; 

d. deprotecting at the 5'- and 3' -termini to give J : 
the corresponding 3 ' , 5' -dihydroxy dinucleoside ; 

10 e. coupling the dihydroxy dinucleoside with a second 

nucleoside 3' or 5' phosphoramidlte and oxidizing 
to produce the two correspond:: ng 3' or 5' hydroxy 
trinucleptides ; 
f • separating away unwsmted products; and 

15 g. converting the 3'- or 5' -hydroxy trinucleotide to 

a 3'- or 5' phosphoramidite. 

5. The process of claim 4 wherein said removing step 
"b*" is conducted under acid conditions; and/or 

, wherein, in said removing step "b.", acetonitrile is 
20^ used as a solvent; and/br 

wherein, in said removing step "d.", an alcohol or 

acetonitrile is used as a solvent; euid/or 
wherein, in step "d. KP is added to the reaction 
mixture . 

25 6. A panel of from two to twenty 3 ' - or 5' - 

phosphoramidite trinucleotide codons or their cbio^lements, ^ 
wherein each codon encodes a different amino acid. 



7 . The panel of claim 6 wherein each couon has the 

^formula: 
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20 wherein W, X, Y and Z arie each independently hydrogen or a 
; ^ ^ ; protecting group; 

B^, B^, and are independently selected from the group 
, . ^ . consisting of protected adenine, protected 
guanine, protected cytosine/ protected or 
S5 ^ unprotected thymine and protected or unprotected 

uracil; iand 

, ^ I is the residue of a ribose or deoxyribose. 

8* The compound of claim 7 wherein W is DMT 
{dimetho3cytrityl) ; and/pr 
0 i , , wherein X is -CHjCHjCN; and/or 

wherein Y is an isoprppyl group; and/of 
wherein Z is -CHjCHjCN. 



9. A process for synthesizing em oligonucleotide 
encoding a sequence of "n" pre -determined aitd.no acids/ or its 
5 complement, comprising the steps of: 

(a) coupling a trinucleotide codon, or its 
complement, onto a solid support; 

(b) sequentially condensing through a 
phosphoramidite linkage with each 

0 immediately pr ceding codon, or complement, 
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^ n-1 trinucle tlde^ccxions or their 

cotc^l'emehts, each codon or lts complem nt 
corresponding to the next pre - determined 
amino -acid in the sequence; and 
5 clea:ving the bligontieleotide from the solid 

support; 

10, A process of synthesizing an oligonucleotide 
encoding a peptide having at least one pre- determined amino acid 
position and at least one raLhdom amino acid position, coirprising 
10 the steps oft — 

(a) coupling a first trinucleotide codon, or the 
CCTcqplement to said cbdbn, onto a nucleoside- or 
nucleo t ide - bearing sol Id support ; 

(b) for each pre-det6rmiried amino acid position, 

15 sequentialiy coupling, through a phosphoramidite 

linkage, to an immediately preceding codon,; or 
complement, a trinucleotide cddon, or its 
complement, corresponding to the pre -determined 
amino acid; 

20 (c) for each random amino acid position, coupling 

through a phosphoramidite linkage, to an 
immediately preceding codon or coo^lement, a 
mixture of frcan two to twenty trinucleotide 
codons, at least two of the trinucleotides 

25 representing a codon to a different amino acid; 

and 

(d) . cleaving said nucleotide from the solid support; 
wherein steps (b) and (b) are combined in such a way that each 
pre- determined codon sequentially corresponds to each pre- 
30 determined amino acid position in said oligonucleotide and 

wherein the identity and ratio of codons used in 
each said mixture are representative of the degree of diversity 
desired in the corresponding random amino acid position of said 
oligonucleotide . 
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11. A pr c SB of synthesizing an oligonucleotide 
^having at least one region o£ random amino acid positions , of 
the invention comprises the steps of : 

a (a) .coupling at least one pre-existing trinucleotide 
::/ :5 codonr or conrplement, onto a nucleoside- or 

nucleotidebearlng solid support; 
(b) for each random amino acid position, sequentially 
: L: J coupling, through a phosphoramidite linkage, to 

ox \ / the immediately preceding codon, or con:5)lement, a 

i?^^i0.i;^x.,: : ; mixture of from two to twenty pr^- existing 

trinucleotide codons, each codon corresponding to 
i a different amino acid; and 

; , :v (c) qleaving the oligonucleotide from the solid 
^ ._support;.. _ -r-'/t. 

IS .wherein the identity and ratio of codons used in each said 
. mixture are representative of the degree of diversity desired in 
the corresponding rsuidom amino acid position of said 
oligonucleotide., ; 
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CO-INJECTION OF THE TWO FRAGMEN i S 
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